Dermatomycoses are infections caused by fungi called dermatophytes; these affect 20-25% of the world population and the incidence continues to grow each year. Recently, an alternative for the treatment of these diseases is the use of natural products, thanks to the fact that they possess great chemical diversity and thus biological activity. However, to understand the therapeutic potential of natural products, their microbiological assessment presents certain limitations. Currently, there is no established reference method to determine the antifungal capacity in vitro and in vivo of natural products (i.e., essential oils). This review focuses on describing the various microbiological methods as well as the many adaptations used to evaluate the antifungal activity of natural products both in vitro and in vivo. In addition, the antifungal evaluation of natural products formulated in creams, gels, nanoemulsions, nanocapsules and solid lipid nanoparticles is included.
Introduction
Dermatomycoses or superficial mycoses are infections in which a fungus invades the outer layers of the skin, hair and nails [1] . Specifically, dermatomycoses are caused by fungi called dermatophytes, which have the ability to invade keratinized tissues producing lesions popularly known as "ringworm". It is estimated that this type of disease affects 20-25% of the world population [2] [3] . Conventional treatment of superficial mycoses is specifically the use of azoles. In particular, this group of antifungal drugs has a broad spectrum of action; however, the most important limitation is its poor penetration of affected tissues, in addition to the possible emergence of resistance. Recently, an alternative used in the treatment of dermatomycosis is natural products (i.e., essential oils). This is because they have great chemical diversity, and therefore, biological activity, and they are even used directly as therapeutic agents [4] .There are numerous reports that indicate the antifungal activity of essential oils against a variety of dermatophytes [5] . However, to be used as antimicrobials they still have certain limitations among which are: i) the high rate of degradation and chemical reactivity of the present compounds, ii) their low solubility in water which limits their biological application, and iii) the short time of bioactivity due to their volatile nature [6] . Therefore, it is necessary to use new alternative technologies that protect the essential oil and facilitate their proper administration without losing their antifungal properties.
At the same time, to define the therapeutic potential of natural products, their microbiological assessment also has certain limitations. Currently, there is no generally established procedure to evaluate the antifungal activity of natural products against strains of dermatophyte fungi. Despite various reports, modifications and adaptations for determining the antifungal activity of natural products, it is difficult to compare the techniques or results obtained in each because of the great methodological variability applied to evaluate this type of active molecules.
In vitro susceptibility methods
Susceptibility tests are performed in order to compare the activity of the active compounds against different strains of microorganisms and detect possible resistance to them.
Microdilution technique, M38-A2 protocol of the Institute of Clinical and Laboratory Standards:
For the in vitro evaluation of antifungal drugs there is a method approved by the Institute of Clinical and Laboratory Standards (NCCLS), known as microdilution M38-A2 for molds and filamentous fungi [7] . To perform this method it is essential to respect the recommendations established by the CLSI, such as inoculum size 0.5 x 10 3 -2.5 x 10 3 CFU/mL, the culture medium that should be used (RPMI 1640), the incubation temperature and time (35°C for 96 h) and finally, the definition and assessment criteria for determining antifungal activity (ie, filamentous fungi can only be classified as sensitive or with reduced sensitivity to the antifungal agent) [8] . There are several reports that use these methodologies as a reference to evaluate the susceptibility of antifungal drugs and also naturally occurring compounds such as essential oils and fractions from plant extracts. for the natural essence, of 0.02% to 2.5% for the distillate extract and of 0.08% to 1.25% for the coumarin-free extract. Based on the above, it was established that the extracts (distilled and coumarinfree) had enhanced activity against the seven dermatophyte species. This activity was attributed specifically to the absence of bergapten (a phototoxic compound) [ rubrum. An MIC of 0.16 µL/mL for E. floccosum, M. gypseum, T. mentagrophytes and T. rubrum was established and of 0.08 uL/mL for M. canis. In this paper, it was concluded that the essential oil of S. aromaticum showed good activity against these five fungi. This activity was attributed to the high concentration of eugenol (85.3%) and not to the complex mixture of components constituting the essential oil [12] . The relationship between antimicrobial activity and the presence of phenolic hydroxyl groups in the essential oil components has been previously reported. Specifically, it was proposed that eugenol, with phenolic groups in its structure, alters the lipid bilayer of the cell and mitochondrial membrane. These modifications produce functional changes in the cell causing cell death by apoptosis [13] . found it difficult to attribute the biological activity of the essential oil to any one of its constituents, taking into account that essential oils are complex mixtures of various compounds. It also indicates that between major and minor components, complex chemical interactions could arise, which could cause a synergetic or antagonistic effect. However, the fact that major components of the essential oil are responsible for its antifungal activity cannot be ruled out. Therefore, the antifungal activity of A. major can be attributed to the presence, in greater proportion, of α-pinene and cis-β-O-cymene [14] . . MIC values were established in a concentration range of 0.039-0.078 µL/mL for the previously mentioned strains. They demonstrated that the high antifungal activity of the essential oil of fennel can be attributed to the presence of compounds such as trans-anethole, pinene and fenchone [15] .
It is noteworthy that the microdilution method CLSI M38-A2 has also been used to evaluate the antifungal activity of the polyphenol epigallocatechin-3-O-gallate (the main component of green tea) against thirty-five clinical isolates of dermatophyte fungal strains of M. canis, T. mentagrophytes and T. rubrum. With these results, it was concluded that this compound exhibited good activity, even when compared with the MIC obtained for fluconazole, the reference drug. Additionally, Park et al. suggest the use of polyphenol as a potential antifungal agent and its combination with other antifungal agents for the treatment of dermatophytosis [16] . When performing the test, an MIC of 2 µg/mL (p/v) was established for M. canis and T. rubrum, while for T. mentagrophytes an MIC of 4 µg/mL, w/v, was established. Park et al. observed that T.rubrum is the fungus most susceptible to epigallocatechin-3-O-gallate or fluconazole because both have similar MIC values (2 µg/mL). Although the mechanism of action of the active ingredients against dermatophytes has not yet been defined, the use of the polyphenol is suggested as an adjuvant antifungal agent to be applied in the field of antifungal therapy.
Agar dilution technique:
This technique consists of making serial dilutions of the sample, which are carried out in Petri dishes and the fungus is inoculated on the surface of the plate. The inhibitory effect is established with the plate count method [17] . Despite various reports which used the reference method CLSI M38-A2, which is based on a liquid culture medium for the in vitro evaluation of antifungal activity, a method based on agar continues to be used to determine susceptibility of dermatophytes. The advantages of using an agar-based method include: reproducibility, precision, easy handling, and low cost [18] . There are several reports where an agar-based methodology is proposed to determine the antifungal activity against dermatophytes; however, there is only one report where this evaluation is used with natural products.
Vannini et al. evaluated the antifungal activity of the essential oil of Baccharis uncinella and B. semiserrata against dermatophyte fungi using the agar-dilution method. They used the strains E. loccosum
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Natural Product Communications Vol. 12 (2) 2017 295 (ATCC 9972) and T. rubrum (C137). The essential oil was added to the Petri dishes after dissolution in DMSO (40%) in a concentration range of 1000 to 7.8 µg/mL, v/v. The inoculum used was a suspension of spores adjusted between 1.0 x 10 6 to 5.0 x 10 6 spores/mL [18] . The essential oil of B. uncinella presented moderate antifungal activity against M. canis with an MIC of 500 µg/mL. In the case of the essential oil of B. semiserrata, it presented moderate activity against E. floccosum and T. mentagrophytes. However, both oils showed weak activity against strains of M. gypseum with an MIC of 1000 µg/mL. Antifungal activity was attributed to the presence of a high content of oxygenated sesquiterpenes in B. uncinella oil. In the case of B.semiserrata oil, its activity is attributed to the presence of components such as -muurolol, α-cadinol, and caryophyllene oxide, which exhibit a cistrans steric configuration and an axial hydroxyl group that have the ability to inhibit mycelial growth [19] . The oil, the extract and its fractions were dissolved in DMSO, and added to the culture medium (Sabouraud) to obtain concentrations in the range 62.5 to 2000 µg/mL. They were then inoculated with 5 µL of a spore suspension (10 5 spores/mL). The essential oil and extract of L. japonica showed MICs of 62.5 to 500 µg/mL and 125 to 1000 µg/mL, respectively. Rahman et al. indicate that the antifungal activity of the ethanolic extract and its fractions could be attributed to the presence of some bioactive phenolic compounds. The activity of the essential oil can be attributed to the presence of phenolic compounds and mono-and oxygenated sesquiterpenes, as well as to sesquiterpene hydrocarbons. It also indicates previous reports in which this activity is specifically attributed to the components present in low amounts such as espatulenol, citrolenelil, α-cadinol and 1,8-cineol. Finally, it is mentioned that minor components are probably involved in some kind of synergism with other active compounds generating a high antifungal activity [20] .
Iranshahi et al. evaluated the antifungal activity of the essential oil of Ferula latisecta fruits against dermatophyte fungi using the agardilution method. The essential oil presented good antifungal activity against T. rubrum and T. verrucosom with an MIC of 96 µg/mL. Antifungal activity was attributed to the presence of sulfurcontaining components of the oil [21] . Machado et al. reported antifungal activity of the methanol extract, its fractions (dichloromethane and ethyl acetate) and of compounds isolated from fraction of the fruits of Eugenia umbelliflora against clinical isolates of five dermatophyte species: E. floccosum, T. rubrum, T. mentagrophytes, M. canis and M. gypseum. The agar-dilution method allowed the establishment of an MIC in a concentration range of 200 to 1000 µg/mL [22] .
Well-diffusion technique and disk adaptation document M44-A2, 2010 CLSI: Briefly, this methodology consists of filling Petri dishes 5-12 cm in diameter with 10-20 mL of agar and then inoculating them with microorganisms. The active (i.e. essential oil) material is placed either on filter paper discs or in wells made in the agar. This procedure should be performed with active solutions of different concentrations. The effectiveness of the active solution is established by measuring the inhibition zone (diameter in mm or cm) around the disk or well [23] . [24] . However, the essential oil of Tv showed complete inhibition of the six strains of dermatophytes and the essential oil of Om presented complete inhibition only of T. rubrum, T. mentagrophytes and E. floccosum [25] . The antifungal activity of Tv and Om was attributed to the presence of terpenoid compounds such as thymol and carvacrol, which cause damage to the membrane of fungi by inhibiting the synthesis of ergosterol, one of its main components.
Poisoned food technique methodology:
This technique consists of using cultures with five days of growth, which are perforated aseptically with a sterile bore (7 mm diameter). Mycelium discs are placed on a gel agar plate. Agar plates were prepared by impregnating these with the desired concentration of active solution at 45-50°C. Finally, the plates are incubated at 26°C and afterwards, the diameter of the colony is measured to establish inhibition of mycelial growth [26] .
Marwah et al. evaluated the antifungal activity of the essential oil of
Plectranthus cylindraceus against four species of dermatophytes: T. rubrum (ATCC 28188), T. mentagrophytes (ATCC 18748), M. gypseum (ATCC 24102) and M. canis (ATCC 36299). They made this assessment using the poisoned food technique, which consisted of mixing different amounts of essential oil and polysorbate 20, 0.01%, w/w, and subsequently adding this to the potato dextrose agar (PDA) culture medium with 0.01% polysorbate (w/w), to finally obtain essential oil concentrations in the range of 125-500 µg/mL. The plates were then inoculated with mycelial disks (5 mm diameter) from cultures grown seven days before. After three days, complete inhibition of T. rubrum, M. gypseum and M. canis was observed, when evaluated at a concentration of 250 µg/mL. The antifungal activity of the oil of P. cylindraceus was attributed to the presence of the oxygenated monoterpene carvacrol with a hydroxyl group in the meta-position. Bactericidal and a broad spectrum fungicidal activity have been attributed to this compound [27] .
In vivo susceptibility methods: There are few reports that seek to demonstrate the in vivo effectiveness of several naturally occurring molecules. The in vivo technique of susceptibility consists of infecting the backs of Guinea pigs with spores of T. mentagrophytes on a (previously shaven) surface of 4 cm² to begin the application of treatment for six days after the infection process. The results in this trial are obtained only by direct observation of the evolution of the infected area (observation and classification of the level of inflammation and lesions present) and an agar culture of scrapings made in the same area. 
agar microdilution method in eight species of dermatophytes: T. rubrum, T. mentagrophytes (E1425), T. ajelloi, T. equinum¸ T. terrestre, M. audoumii, M. gypseum (E1420) and M. canis (E1423).
The MICs were established in a range of 0.5 to 1 mg/mL for the crude extract of P. fulva for the eight dermatophyte species. To perform the in vivo evaluation, Guinea pigs were inoculated with 50 µL of a spore suspension adjusted to 0.6 x 10 6 -1.4 x 10 6 CFU/mL of T. mentagrophytes. Treatments were: i) palm oil with antifungal (griseofulvin 5% w/v), and ii) palm oil extract at three different concentrations (5, 2.5, and 1.25%, w/v). After nineteen days of treatment, it was established that the activity of the extract was dose dependent and also that the topical infection was eradicated after fourteen days of daily treatment. This activity is attributed to the presence of saponins, tannins, alkaloids, anthraquinones and phenols. Finally, it was established that the bark extract of P. fulva 5%, w/w, had an in vivo activity against T. mentagrophytes similar to that of the antifungal griseofulvin (antifungal control), after 14 days of application. It was concluded that this in vivo assay is a good predictor model to evaluate topical antifungal agents [28] .
Kishore et al. also employed the same Guinea pig model and reported in vivo antifungal activity of an ointment prepared from petrolatum and essential oil of Chenopodium ambrosoides. Initially, the MIC of the essential oil was determined by the poisoned food technique with two species of dermatophytes, T. mentagrophytes and Microsporum audoumii. With the results obtained, an MIC of 500 ppm for both species of fungi was established. For the antifungal activity of the essential oil in vivo, the Guinea pigs were inoculated with T. mentagrophytes and M. audoumii. After six days, the ointment with the essential oil was applied on the lesions twice daily. Finally, it was established that C. ambrosoides inhibits the growth of both T. mentagrophytes and M. audoumii at a concentration of 50 ppm after 15 and 13 days of treatment, respectively [29] . The observed effect is attributed to the presence of ascariodole (terpene peroxide) as a major constituent of the essential oil.
Mikaeili et al. determined the antifungal activity in vitro and in vivo of three extracts of Astragalus verus utilizing the Guinea pig model. In a first stage, the MIC was established for T. verrucosum by the disk diffusion method in SDA (Sabouraud Dextrose Agar). The assay was performed with aqueous, methanolic, and acetone extracts. An MIC of 160 mg/mL was established for aqueous and methanolic extracts, while for acetone an MIC of 320 mg/mL was determined. Subsequently, an in vivo assay was performed, where five groups of five animals each were evaluated. The treatment was administered with an aqueous extract of A. verus at 10, 20 and 40%, w/v. An inoculum of 0.1 mL of a suspension of conidia of T. verrucosum, and the formulations were applied 72 hours postinfection. The formulations were administered once a day for a week. It was shown that the formulation that completely eliminated the infection was the 20% extract; also it was shown that the extract had a dose-dependent effect [30] .
The use of in vivo techniques to assess the biological activity of active substances, specifically natural products, is an effective tool to establish their antifungal activity for possible topical application. However, for use as antifungal agents, natural products still have certain limitations that are related to their physicochemical properties, such as solubility, volatility, chemical reactivity, and degradation. Therefore, it is necessary to search for a vehicle or carrier that protects and facilitates their administration and their subsequent release into the site of action without changing the antifungal activity. Conventional means for topical administration of active ingredients include the use of vehicles such as ointments, creams, gels, and in recent years, the use of nanoemulsions and nanoparticles [31] [32] .
Evaluation of topical formulations of natural products: Khosravi et al. developed a cream formulation adding the methanol extract of
Zataria multiflora for the treatment of superficial mycoses. First, the antidermatophytic activity of the extract was evaluated against four different species of dermatophyte fungi. Inocula of T. rubrum (PTCC 5143), M. gypseum (PTCC 5070), M. canis (PTCC 5069), and T. verrucosum (PTCC 5056) were used. The in vitro tube dilution technique was applied to establish the MIC of the extract at a concentration of 0.5%, w/v. The MICs were established for dermatophytes: 2.5 mg/mL for T. verrucosum and 5 mg/mL for T. rubrum, M. gypseum, and M. canis. Subsequently, three creams were formulated with the extract of Z. multiflora (1, 2 and 3%) . Finally, the cream containing Z. multiflora extract 2%, w/w was proposed as the optimum formulation since it prevented fungal growth and had good stability. This activity is related to the presence of phenolic structures such as carvacrol and thymol, the same as those found for Z. multiflora [33] . However, an evaluation of the permeation and in vivo efficacy of this formulation is still required to confirm its use for skin protection [34] .
Moghimipour et al. developed a cream formulation with the ethanolic extract of Eucalyptus camaldulensis to treat dermatophytosis. Following the same procedure as Nasrin, in the first stage they determined the MIC of the extract of E. camaldulensis by the agar diffusion method (SDA medium). The four species of dermatophyte fungi used were T. rubrum (PTCC 5143), M. gypseum (PTCC 5070), M. canis (PTCC 5069) and T. verrucosum (PTCC 5056). MICs of 0.9 mg/mL for M. gypseum and M. canis, 0.8 mg/mL for T. rubrum, and 0.6 mg/mL for T. verrucosum were established. Subsequently, different formulations containing E. camaldulensis extract 1%, w/v, were evaluated. This activity was attributed to the presence of components such as saponins and phenols [35] . Moghimipour et al. also made a liposome-based gel formulation loaded with essential oil from leaves of E. camaldulensis. In the first stage, the antifungal activity of the essential oil by the plate diffusion method was determined using the same four species of dermatophytes. In a second stage, the MIC for each was established by the agar diffusion method (SDA). It was observed that the presence of the essential oil of E.camaldulensis in liposomes improved the stability of the formulation as well as its antifungal activity [36] .
Svetlichny et al. evaluated the antifungal activity of solid lipid nanoparticles which contained oil from Copaifera martii, with and without allantoin. They determined the MIC by the microdilution technique CLSI M38-A2 for T. rubrum TRU31 and M. canis MCW3. An MIC of 1.95 µg/mL for M. canis MCW3 was established for both formulations of nanoparticles. While for T. rubrum an MIC of 500 µg/mL was found for the formulation of nanoparticles with copaiba essential oil and of 1.95 µg/mL for the formulation with allantoin. Svetlichny et al. concluded that nanoencapsulation technology associated with copaiba oil showed effectiveness in terms of release of active ingredients and antifungal activity [37] . Table 1 show a summary of various references with the formulations of natural products.
Conclusion:
Due to their chemical diversity, natural products are a very important alternative for treatment of dermatomycoses. However, to be used as therapeutic agents, they still show certain physical and chemical limitations that hinder their administration.
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The evaluation of a range of oil concentrations from 0.02 to 20 µL/mL was performed and an MIC of 0.32 to 0.64 µL/mL was established. The activity is attributed to the interaction between major and minor components present in the essential oil. In addition to the presence of the compounds α-pinene and cis-β-cymene.
Essential oil of Foeniculum vulgare
The essential oil showed a high antifungal activity since MIC values were established in a concentration range of 0.039 to 0.078 µL/mL, against six strains of dermatophyte fungi. The activity is attributed to the presence of compounds such as trans-anethole, pinene and fenchone. Complete inhibition of all four strains of dermatophytes employed was observed. Activity attributed to the presence of carvacrol, a major component present in the essential oil. Polysorbate 20 was added to the culture medium.
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Methanol extract of Zataria multiflora In vitro tube dilution technique
An MIC of 0.5% against four species of dermatophyte fungi was established. Cream is proposed as an optimal formulation (water/oil) with Z. multiflora extract 2% (v/v) added. 33
Ethanol extract of Eucalyptus camaldulensis
An MIC of 0.9 mg/mL was established against four species of dermatophyte fungi. The final product was a cream (water/oil) with an ethanol extract of Eucalyptus camaldulensis 1% added 35
Essential oil of Eucalyptus camaldulensis
Plate diffusion method Freeze thaw technique
It was established that the liposomal formulation effectively improves the stability of the essential oil and could favor its antifungal activity. 36
Essential oil of Melaleuca alternifolia
In vitro evaluation of the antifungal activity of two onychomycosis models Evaluation of two nanostructured systems (nanoemulsions and nanocapsules containing essential oil of M. alternifolia) was performed. In the first model of 96-well microplates it was established that cell viability was reduced at 7 and 14 days of treatment. In the second model, infected nails were used and it was observed that both systems showed reduced fungal infection. Preclinical results of the extract were obtained and concentrations of 1.25. 2.5 and 5 %, w/w, were used. It was established that the activity of the extract was also dose dependent and that the topical infection was eradicated after fourteen days of daily treatment.
Essential oil of Chenopodium ambrosoides
It was observed that the essential oil showed antifungal activity at a concentration of 50 ppm. Established infection caused by T. mentagrophytes was completely cured after thirteen days of application of the ointment of the essential oil twice a day
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Several research groups have been given the task of obtaining sufficient evidence that allow understanding and knowing the in vitro and in vivo potential possessed by natural products. However, there are currently no standard methods for their (in vitro and in vivo) evaluation against strains of dermatophyte fungi. In this review, various alternatives are presented to evaluate essential oils as well as adaptations of methods commonly used to determine the in vitro and in vivo susceptibility of dermatophytes. Also, formulations that incorporated natural products were presented, and in some cases, it was observed that these potentiated the antifungal activity and even improved stability. In conclusion, we can say that the great potential that natural products have as one of the main alternatives for clinical use in the treatment of dermatomycosis is evident.
